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ABSTRACT 
Psoralens are bifunctional photoreactive molecules 
which form covalent bonds with nucleic acids in the presence 
of near UV light. They first intercalate into nucleic acids 
in the dark, then photoreact at wavelengths of 320-400 nm, 
to produce monoadducts and interstrand crosslinks. Their 
ability to form crosslinks has made them useful probes in 
the study of nucleic acid structure and function. The effect 
of adducts on the local structure of DNA depends on the 
psoralen derivatives. 
In the present thesis, we describe, the isolation and 
partial characterization of photoadducts formed between 8-
methoxy psoralen (6-MOP) and psoralen with DNA (briefly 
digested with micrococcal nuclease). The formation of these 
photoadducts was analyzed by their spectral characteristics 
and thermal denaturation studies. DNA interstrand crosslinks 
photoinduced by furocoumarins (8-MOP and psoralen) were 
determined by heat denaturation and hydroxyapatite 
chromatography. The data conclusively demonstrate that 
diadduct forms due to photoreaction between DNA and 
furocoumarins and there is a greater interstrand cross link 
formation between DNA and psoralen as compared to DNA and 
8-MOP. 
{I 
To develop antibodies, rabbits were immunized with the 
DNA-furocoumarins photoadducts complexed with methylated 
bovine serum albumin. The resultant antibodies were 
characterized by enzyme linked immunosorbent assay (ELISA) 
and their specificity was ascertained by competition assay 
using the respective photoadduct as inhibitors. 
The Ab binding data indicate that the Abs are highly 
specific for the photoadduct. They show negligible cross 
reactivity with other nucleic acids in B-conformation 
showing that they are also highly conformation specific. 
Thus, it can be inferred from this study that ds - DNA on 
interaction with chemical and physical agents becomes highly 
immunogenic in eKperimental animals. 
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INTRODUCTION 
INTRODUCTION 
DNA is the molecule of heredity in all procaryotic and 
eucaryotic organisms. It stores and transfers genetic 
information from one generation to the next. Structural 
determination of nucleic acid enables us to know the nature 
of the major functional units of the genetic material-
chromosomes and genes. It also reveals conformational 
variance of nucleic acids. Structure can be determined by a 
number of methods like X-ray crystallography, NMR, IR etc. 
Psoraiwnv comprise an important class of photochemical 
reagents for the investigation of nucleic acid structure and 
function. Their ability to photobind to DNA and to 
photocross1 ink DNA has led to their use as probes in the 
analysis of the structure of nucleic acids and their protein 
complexes (Cimino et al,, 1985). Psoralens have a long 
tradition as photochemotherapeutics, and are currently used 
in the PUVA {Psora 1en-UV-A) treatment of various skin 
diseases e.g. psoriasis, vitiligo and mycosis fungoides 
(Vedaldi et al,, 1991 ; Stolk and Siddiqui, 1988). 
Structure and Type of Furocounarins : 
Furocoumarins are a class of heterocyclic compounds 
which are used as photosensitizing agents in the treatment 
of various skin diseases referred to as PUVA therapy 
(Kittler and Leber, 1988). At present there exist over 100 
psoralen derivatives of which approximately half are 
naturally occurring and the rest synthetically prepared 
(Hearst, 1981). Structurally, furocoumarins are flat 
aromatic ring systems consisting of a couraarin skeleton 
which is condensed with a five raembered furan ring yielding 
either linear or angular annealed derivatives. 
Some of the most common furocouraarins are psoralen, 
e.g. 8-methoxypsoralen (8-MOP), 4-5'-8-trimethy1 psoralen 
(TMP), angelicin, 3-carbethoKy psoralen O-CPs), 4'-amino-
methy1-4,5',8-trimethyI psoralen (AMT) and 4-hydroxymeth1-
4,5', 8-trifflethyl psoralen (HMT), Of these only psoralen, 
8-MOP and TMP are chemically important, therapeutically 
useful, photosensitive and have raelanogenic properties 
(Scott et al. , 1976 ). 
Photophysical Properties of Furocouaarins 
(i) Tho Photoroaction : 
Furocoumarins form weak molecular complexes with DNA in 
the dark and covalent photoadducts when exposed to UV-A 
(320-400 nro) radiation. The molecular mechanism of psoralen 
photosensitization is believed to involve photochemical 
modification of DNA via covalent photocoupling of psoralens 
to pyrimidine bases, especially thymine, forming monoadducts 
and diadducts leading to DNA cross!inking (Kanne et al., 
1982). Monoadducts and crosslinks are either not formed or 
are formed at reduced levels in DNA that exists in the 2-
conformation (Kochel and Sinden, 1989). Those psoralen 
derivatives which photoreact with nucleic acid helices do so 
in three distinct steps. In the first step, psoralen 
molecules intercalate in the dark between the stacked base 
pairs of DNA and the intercalated psoralens are in 
equilibrium with those that are free in solution. Secondly, 
the subsequent exposure to UV-A radiation results in 
covalent binding of psoralen to pyriraidines forming 
monoadducts. The cyclobutane addition product is formed at 
the 5,6 double bond of an adjacent pyrimidine (primarily 
thymine) in the nucleic acid helix and at either the 4'-5' 
double bond in the furan ring or 3,4 double bond in the 
pyrone ring. Most of the psoralen derivatives show a strong 
preference for monoaddition at the furan double bond over 
addition at the pyrone double bond. Finally, by absorbing a 
second photon,the furan side monoadduct can be converted 
into diadduct by further covalent bonding with a pyrimidine 
base of the opposite strand of DNA to form an interstrand 
crosslink (Sage et al., 1989; Shi and Hearst, 1987; Shim et 
al., 1990). The monoadducts and diadducts in DNA may be 
genotoxic (Averbeck, 1989). They are also mutagenic (Jones 
and Yeung, 1988; Averbeck, 1985) and carcinogenic in 
mammalian skin (Young, 1986; Sterenborg et al., 1991). It is 
generally thought that psoralen-DNA diadducts are 
potentially more deleterious as they can cause cell killing 
and mutagenesis whereas monoadducts are more easily repaired 
(Wani and Arezina, 1991; Munn and Rupp, 1991), 
The psoralen derivatives, TMP, HMT and AMT have been 
shown to crosslink dsDNA, RNA-DNA and RNA-RNA double strands 
in the presence of near UV light (Shen et al,, 1977). The 
photoreaction has been used to stabilize a variety of 
nucleic acid structures. Psoralens are used in a number of 
diverse ways. As irreversible nucleic acid specific cross 
linking reagents, psoralens are used to inactivate viruses 
and other pathogens with little disruption of proteinaceous 
antigenic structures. The structures of both DNA and RNA 
have been probed by psoralen crosslinking (Wollenzien et 
al., 1987). 
(ii) Singlet Oxygen Production 
The biological effects caused by furocoumarins in 
combination with UV-A light are generally attributed to 
their reactivity towards DNA (De Mol and Beijersbergen van 
Henegouwen, 1981). Poppe and Grossweiner (1975) found that 
8-MOP is a good photodynainic sensitizer and has the ability 
to generate singlet oxygen ('O2) by way of energy transfer 
from the excited state. Singlet oxygen ('O2) is a short 
lived reactive form of oxygen that is deleterious to various 
biological systems because of its mutagenic effects (Blan 
and Grossweiner, 1987), The genetic effects arise especially 
as a consequence of modifications of guanine residues in DNA 
caused by 'O2 oxidation (De Mol and Beijersbergen van 
Henegouwen, 1981; Ribeiro et al., 1992). 
By studying tho eleotronia mwah*ni»m of Ihw 
photocycIoaddition of psoralen to the pyrimidine bases, it 
was found that the lowest excited singlet and triplet states 
of psoralen are of the (n, K ) type. Triplet state is 
predicted to be more reactive than the singlet state and the 
3,4 double bond of psoralen is more reactive than the 4', 5' 
double bond. The presence of oxygen has a quenching effect 
on th» rate of the photoreaction between psoralen and 
thymine. This can be explained in terms of triplet energy 
transfer to oxygen, generating 'O2 and quenching the 
photoreactive triplet state of psoralen. Yields of 
photodimers are always very low in the presence of molecular 
oxygen, which has a quenching effect. 
(iii) Furocounarins and Radiant Energy : 
Molecules can also acquire energy of activation (Eact) 
by absorbing electromagnetic energy in the form of visible 
or UV light. The absorption of radiation also excites 
valency electrons to a higher orbital level resulting in a 
very reactive molecule. In the ground state of furocoumarins 
the valency electrons are paired resulting in stability of 
the molecule. This explains why furocoumarins are chemically 
and biologically inactive in the absence of radiation 
(Rosen, 1990). On absorption of radiation these electrons 
are excited from the ground state to one of the unoccupied 
orbitals of the molecule with unchanged electron spin (the 
singlet excited state). Electrons in singlet state are short 
lived (lO-SsQc) and either decay to the ground state 
(fIuoresence} or are converted to the triplet state by a 
change in spin of an electron. In biological systems, the 
triplet state of furocoumarins is usually long lived ("10 
^®'^); and therefore can play an important role in the 
transfer of energy and initiation of biological changes 
responsible for photosensitization (Scott et al., 1976). The 
1 * 3 * 
reactivity of the («, it ) singlet and in,n ) triplet 
photoreactions of pyrimidine cycloaddition in nucleic acids 
is determined by kinetics, steric and electronic factors 
(Kittler and Lober, 1983). 
Photoreaction of Different Furocouaarins with Nucleic Acids 
Comparative studies on the possible therapeutic potency 
of different furocoumarins usually focus on their 
photobinding to DNA (Schoonderwoerd et al., 1991), The role 
of DNA sequence on the photobinding reactions of various 
furocoumarins has been investigated (Sage and Moustacchi, 
1987; Boyer et al., 1988; Miolo et al., 1989). Thymine 
appears to be the main target of the photoaddition of 
psoralens (Sage and Moustacchi, 1987; Boyer et al., 1988). 
The photochemistry of methylated psoralens and isopsoralens 
is relatively fast. Methylation increases the dark binding 
affinity, the quantum yield of photoaddition, and the 
quantum yield of photobreakdown of the compound (Isaacs et 
al., 1982; Guiotto et al., 1981; Dall'Acqua et al., 1983), 
It seems probable that hydrophobic forces are involved in 
increasing the ability of methy1 psora 1 ens to form complexes 
with DNA (Dall'Acqua et al., 1971), Methbxy group at the 8-
position slows the photochemistry, with 8-f10P adding much 
more slowly to DNA. Strong electron donating or withdrawing 
groups such as hydroxy, nitro and amino groups either 
drastically reduce or completely eliminate the ability of 
the psoralen to undergo photocyc1oaddition with nucleic 
acids (Cimino et al,, 1995). 
Comparisons of the mutagenic effects caused by 
monoadducts and crosslinks have been made and the mutagenic 
efficiency, in various E.Coli strains, was found to be TMP > 
5-MOP > 8-MOP > psoralen > angelicin > 4,5'dimothy1 angelicin 
(Averbeck et al., 1990). 
Photoreactions of Furocouaarins with other BioHolecules : 
The mechanism of the lethal action of photoexcited 
furocouraarins is still not fully understood despite numerous 
and considerable efforts (Cadet et al., 1990). Several lines 
of indirect evidence strongly suggest the involvement of 
unsaturated lipids and, to a lesser extent proteins as other 
important cellular targets (Beijersbergen van Heneguowen et 
al., 1989). 
{i> Photobinding of Furocouaarins to Proteins : 
There are several indications that photoexcited 
furocouraarin derivatives are able to react eff icientiy with 
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proteins (Frederiksen et al., 1989; Beijersbergen van 
Heneguowen et al., 1999). UV-A excitation leads, in presence 
of oxygen, to covalent binding of the f urocouaiar i n to 
proteins via photo-oxidation products (Yoshikawa et al., 
1979). However, more definite proof of photobinding of 
furocoumarin to proteins or amino acids awaits the isolation 
and characterization of such adducts (Cadet et al,, 1990). 
(ii) Photoreaction of Furocouaarins with Lipids : 
In addition to nucleic acids and proteins, psoralens 
can also form photochemical adducts with unsaturated fatty 
acids (Caffieri ©t al,, 1999). Near UV-iI 1uraination of TMP 
or 9-MOP with the free unsaturated fatty acids or 
methylesters of oleic, linoleic, linolenic or arachidonic 
acids in methanol-water solution caused the formation of 
photoproducts (Kit tier et al., 1996 a; Kit tier et al., 
1986b), No such photoproducts were observed with the 
completely saturated fatty acids, stearic acid (Cadet et 
al., 1990). Adduct formation is faster in polar solvents 
such as ethanol than in non-polar solvents such as benzene 
(Caffieri et al., 1999). It has been proposed that 
psoralen-Iipid adduct formation may play an important role 
in the therapeutic benefit of PUVA therapy (Midden, 1998; 
Kittler et al., 1986 and Midden and Klaunig, 1999). 
Bending of DMA by Furocoumarins : 
The effect of adducts on the local structure of DNA 
depends on the psoralen derivatives (Boyer et al., 1988). 
Typically, 8-MOP photoadducts unwind the double helix 
(Uiesehahn and Hearst, 1978). Peariraan et al., (1965) have 
emphasized a strongly favoured psoralen photobinding with 
sequences able to form a kink, since they have suggested 
that psoralen crosslinks will bend DNA. Nevertheless, 
analysis of 8-MOP crosslinked DNA fragments on 
poIyacryI amide gels did not reveal any susbtantial bend in 
the adducted DNA (Sinden and Hagerman, 1984). It has been 
suggested from the K-ray crystalIographic analysis of an 8-
MOP-thymine monoadduct that psoralen cross-links will bend 
DNA, perhaps by as much as 70' (Peckler et al,, 1982; Kim et 
al., 1983). The effect on eIectrophoretic migration of 
psoralen crosslinks in DNA is opposite to that expected for 
bending (Sinden and Hagerman, 1984). Psoralen adducts appear 
to lengthen DNA by the equivalent of about one base pair per 
bound psoralen molecule (Sinden and Hagerman, 1964), It is 
possible that a slight bending or other distortion of the 
DNA at the cross link site (or even at monoadduct site) 
exists, but is not detectable (Zhen ©t al., 1988). The 
failure to abserve cross linked associated 70" bends in 
duplex DNA undoubtedly reflects constraints placed upon the 
psoralen cross-link geometry by the helix structure itself 
(Sinden and Hagerman, 1984). 
AppIications and Genetic Hazards to aan : 
Human diseases have been treated with the sun's rays 
in 
slrioe anllnuliy (M9b«»r aivi Mlukoi«». lunu). I ho of to. I ,.r IK' 
rays in the troatmsnt ot psoriasis jippejii- to i<*ault J i um J 
direct inhibition of DNA synthesis and mitosis in the 
hyperproIiferating epidermal cells that are characteristic 
of psoriasis (Epstein et al., 1970). Moreover, several 
diseases such as atopic dermatitis, mycosis fungoides, or 
vitiligo thought to have associated immunologic 
abnormalities, can be successfully treated by UV radiation 
(Salaon et al, 1991). 
PUV-A therapy has the long term side effect of 
premature ageing of the skin. The histologic changes 
observed in the connective tissue after PUV-A treatment, 
include the disappearance of elastic fibres at an early 
stage and later an increased amount of thickened elastin 
(Oikarinen et al., 1985; Oikarinen et al., 1990). The 
proliferation rate of the fibroblasts derived from the skin 
of patients who had received PUV-A treatment is decreased 
(Oikarinen et al., 1990). PUV-A induces point/gene mutations 
and chroBosone aberrations in a variety of organisms. It may 
be expected that genetic alteration will also be induced in 
man (Salmon et a ) , 1991). The major disadvantage is skin 
cancer which is dependent on a number of factors : 
concentration of the compound, the dose of radiation at the 
biologically important site, and the duration of the 
treatment (Scott et al., 1976). 
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There are concerns about a possible risk of autoimmune 
disease in PUV-A treated patients. Alterations in DNA 
resulting from the photoreaotion could lead to development 
of antibodies to DNA (Hasan et al., 1991) There have been 
specific reports of lupus like syndrome following PUV-A 
therapy (Mil I ins et al., 1978; Eyanson et al,, 1979; Kubba 
et al, 1981), Modified nucleic acids have been shown to be 
immunogenic in contrast to native DNA, which is a poor 
immunogen. 
Objective of present work : 
The present work describes the digestion of native calf 
thymus DNA by micrococcal nuclease and the formation of DNA-
psoralen and DNA-8-M0P photoadduct using DNA fragments of 
200 base pairs. These modifications were studied by 
ultraviolet absorption spectroscopy, fluorescence 
spectroscopy, thermal denaturation and hydroxyapatite column 
chromatography. The iraraunogenicity of these modified 
polymers were ascertained by inducing antibodies in 
experimental animals. Noncompetitive and competitive binding 
assay was performed to detect the binding and specificity of 
induced antibodies. 
'XPERIMENTAL 
12 
EIPERIMEHTAL 
Materials 
1. ChsHicaIs: 
Calf thymus native DNA, psoralen, 8-methoxypsora1 en (8-
MOP), anti-rabbit-1gG alkaline phosphatase conjugate, xylene 
cyanoie FF, bovine serum albumin, methylated bovine serum 
albumin(MBSA), ethidium bromide, agarose, poly D-lysine, 
poly L-glutaraate, Freund's complete and incomplete adjuvants 
were purchased from Sigma Chemical Company, U.S.A. 
Polystyrene microwell modules (7ram diametre) were obtained 
from Nunc, Denmark. Acrylamide, bis-aery 1 amide, N-N-N'-N' 
tetraethy1methy1enediamine, Tween-20, ammonium persulphate 
and hydroxyapatite were obtained from Bio-Rad Laboratories, 
U.S.A.. A colorigenic substrate of alkaline phosphatase, p-
nitropheny1 phosphate was obtained from C.S. l.R. Centre for 
Biochemica1s, N. Delhi. All other chemicals used were of the 
highest grade available. 
2. Equipaent 
Bausch and Lomb Spectronic-20, ELICO pH meter model 
Ll-IOT, Shimadzu UV-240 spectrophotometer equipped 
with a thermoprogrammer and controller, Shimadzu RF-540 
spectrof1uorophotoroeter with DR3 recorder and ultraviolet 
lamp (Vilber Lourmat, France) were the major equipment used 
in this study. 
13 
Methods : 
1. Detemination of protein concentration : 
Protein was estimated by the method of Lowry et. al. 
(1951) using Folin's phenol reagent. 
(a) Folin-Ciocalteu reagent 
The reagent was purchased from C.S.l.R. Centre for 
Biochemicals,N. Delhi. It was diluted 1:4 with distilled 
water before use. 
(b) Alkaline copper reagent 
The components of alkaline copper reagent were as 
fol1ows : 
(i) 2% Sodium carbonate in 0.1 N NaOH 
(ii> 1% copper sulphate in 2% sodium potassium tartarate 
50 ml of (i) was mixed with 1 ml of (ii). The working 
reagent was prepared fresh before use. 
(c) Procedure 
One ml of protein sample was mixed with 5 ml of 
alkaline copper reagent and kept at room temperature for 10 
minutes. One ml of 1:4 times diluted Folin-Ciocalteu reagent 
was added with immediate mixing. After 30 minutes at room 
temperature, the absorbance was read at 660 nm. The 
concentration of protein in the unknown sample was evaluated 
from standard plot drawn, using bovine serum albumin as the 
protein standard (Fig. 1). 
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Fig, 1 Standard plot for the coI orimetric estimation of 
protein. 
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2. Deteraination of DNA concontration : 
DNA concentration was determined coI orimetrica1 Iy by 
the nethod of Burton (1956) using dipheny1 amine reagent. 
(a) Diphenylaaine reagent. 
750 Bg of d i pheny 1 ami ne was mixed with 50inl of 
glacial acetic acid and 0.75ml of concentrated sulphuric 
acid. The reagent was prepared immediately before use. 
(b) Procedure 
One ml of DNA solution was mixed with 1.0ml of IN 
perchloric acid. The tubes were incubated for 15 minutes in 
a thermostat water bath at 70°C. Then, 0.1 ml of 5.43mM 
acetaldehyde was added, followed by 2.0 ml of d1phenyJ amine 
reagent. The tubes were kept at room temperature for 16-20 
hours and absorbance was recorded at 600nm, The DNA 
concentration in unknown sample was determined from standard 
plot constructed by using 0-100 >ig of purified calf thymus 
DNA as the standard (Fig. 2). 
3. Purification of DNA : 
Calf thymus DNA obtained commercially was dissolved in 
0.1 M SSC buffer (o.OlSM Na-citrate, 0.15M sodium chloride), 
pH 7.3. The DNA (2mg/ffll) was then mixed with equal volume of 
chloroform t isoamyl alcohol (24:1) in a stoppered cylinder 
and shaken gently for an hour. The acquous layer containing 
DNA was separated from the organic layer and again 
extracted with ch1oroform-iseamy I alcohol. The DNA was 
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Fig. 2 Standard plot for the co1 orimetric estimation of 
DNA. 
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precipitated with two volumes of cold 95% ethanol and 
collected on a glass rod. It was rinsed with ethanol to 
remove traces of water and dried by pressing against the 
wall of the container. The DNA was then dissolved in 0.03 M 
acetate buffer, pH 5.0 containing 0,03 M ZnCl2 and treated 
with nuclease Sj (200 units/mg of DNA) at 37°C for 30 
minutes to remove single stranded regions. The reaction was 
stopped by adding one-tenth volume of 0.2 M EDTA. The 
nuclease S^ treated DNA was extracted twice with chloroform-
isoamyl alcohol and finally precipitated with cold 95% 
ethanol. The precipitate was air dried and dissolved in PBS 
(10 mM Na-phosphate, 150 mM NaCl pH 7.4). 
A. Fragaentation of purified native calf thymus DNA with 
Bicrococcal nuclease : 
Micrococcal muclease was used to digest purified DNA to. 
obtain smaller fragments (All et. al., 1985). Purified DNA 
(2 mg/ml) in 100 mM NaCl, 6 mM Tris, 2 mM of CaCl2, pH 8.0 
was treated with 50 units/mg DNA of micrococcal nuclease at 
3700 for 3 minutes. One-tenth volume of 0,2 M EDTA was added 
to stop the reaction. The mixture was extracted twice with 
ahl oroform- isoamylalaohol and fragmented DNA wsts precipitat-
ed with double distilled ethanol. The precipitate was 
centrifuged, dried and redissolved in 30 mM acetate buffer 
pH 5,0 containing 30 mM 2nCl2. The solution was digested 
with nuclease S^ (200 units/mg DNA) at 37°C for 30 minutes. 
Digested fragments were extracted twice with chloroform-
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isoamyl alchohol and precipitated with distilled ethanol. 
Fragments vp/ere dissolved in Tris-buffer saline pH 8.0 (TBS) 
and passed through a 46.0 cm x 1,2 cm column of Sepharose 4B 
equilibrated with TBS and fractions of 4 ml were collected 
(Fig. 3>. The size of the DNA fragments was analysed by slab 
gel electrophoresis without stacking gel. The buffer system 
was 40 mM Tris, 5 mM Na-acetate, 1 mM EDTA pH 7,9, 
5, Poiyacrylaaide Gel Electrophoresis : 
DNA fragments obtained after digestion with micrococcal 
nuclease were subjected to po1yacry1 amide gel electro-
phoresis (PAGE) to determine the extent of fragmentation. 
This was done under non-denaturing condition as described by 
Laemmli (1970) , 
(a) Buffer and Other Reagents 
(i) Aerylaaide-bisacrylanide (30 :0.8} 
A stock solution was prepared by dissolving 30 gm 
of acrylamide and 0.8 gm bisacry1 amide in water to a total 
vo1urae of 100 m1. 
(ii) Resolving Gel Buffer (3 M Tris-HCl, pH 6.8) 
A stock solution (3 M) was prepared by dissolving 
36 gra Tris in 48.0 ml IN HCl. The pH was adjusted to 8.8 
and the final volume brought to 100 ml with water, 
(iii) Electrode Buffer 
0.04 M Tris, 0.005M sodium acetate and 0.001 h 
EDTA, pH 8.0 
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(b) Procedure 
The PAGE apparatus was assembled and the plates sealed 
with 1.0?t agarose from the sides and the bottom. The non-
denaturating polyacry1 amide gel was prepared and poured 
between the glass plates separated by 1.5 mra thick spacer. 
This was allowed to polymerize at room temperature. 2>ig DNA 
samples were mixed with one tenth volume of the 'stop mix' 
(30% Ficoll, 0.025X xylene cyanole FF and 0.5 M EDTA in 10 
times concentrated electrophoresis buffer) and loaded on 
gels. The gel was run for 8-10 hours at room temperature at 
80 volts, stained with ethidium bromide (0.5 Mg/ml) and 
visualized under UV light. 
Recipe for 7.5X PAGE 
Aery 1amide-bisacrylamide 10.0ml 
Resolving gel buffer 5.Oral 
1.5X ammonium persulphate 30.0mg 
Distilled water 25.0ml 
TEMED 20|il 
6. Preparation of DNA-psoralen and DNA-8-BiethoxypBoral en 
Photoadduct : 
Eighty micrograms of fractionated DNA («« 200 bps ) was 
thoroughly mixed with 6-methoxypsora1 en (25pg) and psoralen 
(25>jg) separately in a total volume of 1.0 ml. The mixtures 
were kept in dark for 4 hours at room temperature with 
constant stirring which resulted In intercalation of 8-MUP 
*n'J p90V» i mf\ in DNA. Thw uoinp I WKwa wwiw l r r^ iJ I <* lad toi 'l" 
minutes using illuminating wavelength ot yt>b nm at room 
temperature. This resulted in the formation of the 
covalently bonded photoadduct, which was extensively 
dialyzed against O.OIM phosphate buffer pH 6.8 to remove the 
unbound drug. Unirradiated samples of DNA, 8-MOP and 
psoralen in 0.01 M phosphate buffer pH 6.8 were used as the 
corresponding controls. The formation of interstrand 
crosslinks by photoreactions of psoralen and 8-MOP with DNA 
fragments was studied by ultraviolet spectroscopy and 
fluorescence spectroscopy. 
7. Dateraination of Melting Tesperature : 
Melting curves of native DNA, fractionated DNA, DNA-8-
MOP and DNA-psoralen photoadduct were recorded on Shiraadzu 
UV-240 spectrophotometer equipped with a temperature 
programmer and controller. All the samples in O.OIM 
phosphate buffer pH 6.8 were heated at a rate of l.S'C/min 
from SS'^C to QS^'C, Melting curves were recorded at a fixed 
wavelength of 260nm. 
6. Preparation of Single Stranded DNA ( E S D N A ) : 
Purified calf thymus DNA in O.OIM phosphate buffer pH 
6.8 was heated in a boiling water bath for 15 minutes 
followed by rapid cooling in ice-NaCl mixture. The solution 
was kept in a stoppered glass tube to avoid evaporation. 
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9. Hydroxyapatite Coluan Chroaatography on DNA-6-M0P/DNA-
psoralsn Photoadduot after Heat Denaturation : 
The hydroxyapatite column (5 cm x 0.6 om> was packed by 
adding a suspension of HA in 0.01 M sodium-phosphate (Na-P) 
buffer pH 6,8, to a column partially filled with the same 
buffer. Heat denatured photoadducts,doub1e stranded DNA 
(dsDNA) and ssDNA were subjected to hydroxyapatite column 
chromatography. Samples of 3 ml, in 0,01 M Na-P buffer pH 
6,8, were loaded on the column. Stepwise elution was carried 
out with 0.125 n and 0,25 M Na-K-Phosphate buffer pH 6,8 at 
a flow rate of 15 ml/hour and fractions of 3 ml were 
collected. The fractions eluted with 0.125 M Na-K-Phosphate 
buffer pH 6,8 were used as ssDNA, Double stranded DNA and 
heat denatured photoadducts were found to elute with 0.25 M 
Na-K-phosphate buffer pH 6,8, The fractions of both the 
photoadducts were pooled separately and used as antigens. 
10. Preparation of Antigens: 
DNA-8-M0P-MBSA conjugate and DNA-psoralen-MBSA 
conjugate were formed by mixing equal amounts of the 
photoadducts and MBSA by weight of the solutes. Fifty 
micrograms of DNA-psoralen and DNA-8-M0P photoadduct was 
mixed with 50^1 MBSA (1 mg/ml). The mixture was emulsified 
with Freund's complete or incomplete adjuvants. 
11. lanunization Schedule : 
Rabbits (8-12 months old, weighing 1.0 to 1.5 kg) were 
lnjoct»d intramuscularly In hind limbs, weekly for flvo 
weeks. Each animal received a total of 250iJg of antigen in 
the course of five injections. A booster dose was given, 20 
days after the last dose. Seven days after the booster 
injection, blood was collected by cardiac puncture and 
plasma separated. The samples were decomp1emented by heating 
at 56'C for 30 minutes. The serum samples were stored at 
-20'C with IX sodium azide as preservative, Preimmune serum 
or serum from rabbits not injected with antigen was used as 
a control serum sample. 
12. Direct Binding ELISA : 
Buffers and substrate 
(a) Iris buffer saline (TBS), pH 7.4 
10 raM Tris, 150 mM NaCl, pH 7.4 containing 0.02X 
sodium azide as preservative. 
(b) Tris buffer saline-Tween 20{TBS-T), pH 7.4 
20 mM Tris, 144 mM NaCl, 2.68 mM KCl,500yl Tween-20 
per litre of buffer. 
(c) Bicarbonate buffer, pH 9.6 
15 mM sodium carbonate, 35 mM sodium bicarbonate 
and 2 mM magnesium chloride pH 9.6 containing 0.02X sodium 
azide as preservative. 
(d) Substrate 
500;jg p-ni tropheny 1 phosphate/ml in bicarbonate 
buffer, pH 9.6. 
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(e) Procedure 
Antibodies against DNA-8-M0P and DNA-psoralen 
photoadducts were dectected and quantitated by ELISA using 
polystyrene raicrowell modules as solid support. (Ali. et 
al., 1985). 
The test wells were coated with lOOjal of poly D-lysine 
(50pg/ml in distilled water) for 30 minutes at room 
temperatue to increase antigen immobilization. The plates 
were washed thrice with TBS and coated with 100^1 of 
photoadduct antigen (2.5 >ig/ml in TBS) for two hours at room 
temperature and overnight at A^C . The antigen coated wells 
were washed thrice with TBS-T to remove the unreacted 
photoadduct and lOOial/well of poly L-glutamate (50yg/ml in 
TBS) was coated for 2 hours at room temperature. The plates 
were again washed thrice with TBS-T and the unoccupied sites 
were blocked with 100^1 of 1.59i BSA in TBS for six hours at 
room temperature. BSA-TBS was added both in antigen coated 
and control wells. The plates were washed once with TBS-T 
and antibodies (diluted in i% BSA in TBS) were added. After 
incubating the plates for two hours at room temperature and 
overnight at 4*0 the bound antibodies were assayed by anti-
rabbit-alkaline phosphatase conjugate using p-nitropheny1 
phosphate (PNPP) as colorigenic substrate. The plates were 
incubated at 37°C for 45 minutes and the reaction was 
stopped by adding lOOjjl of 3 M NaOH solution in each well. 
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The absorbance of each well was monitored at 410 nm. Results 
were expressed as a mean of A ^ Q S f^controI' 
13. Inhibition EL ISA ; 
The specificity of ELISA was determined by inhibition 
experiments <AIi and Ali, 1986). Varying amounts of 
inhibitors (0-20Ml/ml) were mixed with a constant amount of 
immune serum. The mixture was incubated for two hours at 
room temperature and overnight at 4*'C. The immune complex 
thus formed was coated onto the wells instead of serum. The 
remaining steps were same as in direct binding ELISA. 
RESULTi 
ascusssoi 
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RESULTS 
Photobinding of Furocounarins with Fractionated DNA ("200 
base pairs) : 
Native calf thymus DNA obtained commercially was 
purified and digested with raicrococcal nuclease to obtain 
fragments varying from about 70 to 800 base pairs. DNA 
fragments of about 200 bp were obtained by chromatography on 
Sepharose 4B column ( 46.0 cm x 1.2 cm ). The size of DNA 
fragments was analysed by PAGE using 0X174 Hae III Eco Rl 
as standard marker (Fig. 4a,b). Mixture of purified, 
fractionated DNA (200 base pairs) and furocoumarins (8-MOF 
and psoralen) in O.OIM Na-phosphate buffer was irradiated 
for 40 minutes at room temperature with 365 nra UV light. The 
unbound furocoumarins were then removed by dialysis of 
samples against O.OIM Na-phosphate buffer pH 6.8. The UV 
absorption spectra (Fig.5 and 6) and fluorescence spectra 
(Fig.7 and 8) of irradiated and dialyzed samples and their 
corresponding unirradiated controls were taken to detect 
the formation of photoadduct. In the UV-absorption spectra, 
a substantial increase in absorption around 300nm, indicates 
the formation of photoadduct between DNA-8-M0P and DNA-
psoralen. In the fluorescence spectra, the fluorescence 
intensity of furocoumarins decreased when DNA was added, 
while the shift was significant with UV-A irradiation. The 
507nm and 450nra peaks of S-MOP and psoralen declined and new 
•o V> ^  *^ ^  V> >*» 
i «>i X •'i •^  "^  w 
H III 
A. lb. 
Fig. 4 PoIyacry1 amide gel electrophoresis of calf 
thymus DNA fragments : 
(a) Purified DNA was digested for 3 min with 
micrococcal nuclease followed by Sj nuclease and 
fragments were separated on a Sepharose 4B 
coluBn. Electrophoresis was done in a 7.5X 
poIyacryI amide slab gel for 8 hrs. Gels were 
stained with ethidiuoi bromide. 
(b) 0X 174 Haelll EcoRI was used as standard marker. 
Other experimental details were as in legend to 
Fig. 4a. 
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Fig. 5 UV absorption characteristics of DNA, psoralen, 
and DNA-psoralen photoadduct : 
DNA-psoralen photoadduct ( ), DNA ( -) 
and Psoralen ( 1, 
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Fig. 6 UV absorption characteristics of DNA, 8-MOP and 
DNA-8-M0P photoadduct : 
DNA-8-M0P photoadduct ( ), DNA ( •) and 
8-MOP ( ). 
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Fig. 7 Emission spectra of psoralen (a), DNA-psoralen 
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Fig. 8 Emission spectra of 8-MOP (a), nDNA-8-MOP 
photoadduct (b), DNA-8-M0P photoadduct (c), DNA 
<d) and 0,01 M Na-phosphate buffer pH 6.8 (o). 
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peaks appeared at AlOnm and 395nm rwspsctiv©1y. This also 
suggested that the formation of photoadduct had taken place. 
Thermal Oenaturation Studies : 
Native DNAr fractionated DNA, DNA-8-M0P and DNA-
psoralen photoadducts were subjected to thermal denaturation 
between 30*0 and SS^C <Fig,9). The process was characterized 
by determining the percent DNA in denatured state as the 
temperature increased and by calculating the Tm. The 
increase in absorbance at 260 nm with rise in temperature 
(1.S^C/minute) was recorded. The Tm values of fractionated 
DNA, DNA-8-M0P and DNA-psoralen were found to be 69»C, TGOC 
and 84°C respectively. The significant increase in the Tra 
value of the modified DNA in comparison with the unmodified 
DNA confirms the formation of diadduct. Single stranded and 
native DNA were also subjected to thermal denaturation 
studies. The Tra of native DNA was found to be e7.5°C (Fig. 
9). It was not possible to determine the Tm value of ssDNA 
because of its unstacked form, which does not cause any 
significant increase in absorbance on heating, 
Hydroxyapatite Column Chromatography : 
Interstrand crosslink formed between DNA and 
furocoumarins was ascertained by hydroxyapatite column 
chromatography. Native DNA, fractionated DNA, ssDNA and 
modified DNA were subjected to hydroKyapatite column 
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Fig. 9 Melting profile of unmodified and modified DNA 
fragments : 
native DNA {~6—A-), '*200bp DNA fragment (-0—0-) , 
DNA-8-M0P photoadduct <—•—#-) and DNA-psoralen 
photoadduct (—O—©-). 
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Fig, 10 Hydroxyapatits column chromatography of s 
(a) heat denatured DNA-8-M0P photoadduct. 
(b) heat denatured DNA-psoralen photoadduct, 
(c) native DNA. 
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chromatography (Fig, 10), Stepwise elution was carried out 
using 0.125 M and 0.25 M Na-K-phosphate buffer pH 6.8, The 
native, fractionated and modified DNA eluted with 0,25 M 
Na-K-phosphate buffer whereas, ssDNA eluted with 0.125 M Na-
K-phosphate buffer. The separation of monoadduct and 
crosslinked molecules was evaluated by studying the 
spontaneous renaturation capacity of crosslinked DNA after 
heat denaturation followed by hydroxyapatite column 
chromatography. The diadduct, after heat denaturation, 
eluted with 0.25 M Na-K-phosphate buffer, similar to that of 
native DNA indicating the formation of crosslink between the 
two strands. Control samples of native DNA and unirradiated 
complexes of DNA-furocouraarin were also subjected to 
hydroxyapatite column chromatography under identical 
conditions. The unirradiated complexes of DNA-furocoumarins 
behaved as ssDNA after denaturation, eluting at 0,125 M Na-
K-phosphate buffer. Fractions of irradiated samples that 
eluted with 0.25 M Na-K-phosphate buffer were taken as 
diadduct. 
Production And Characterization of Antibodies against DNA-
psoralen and DNA-8-H0P Photoadduct : 
Antibodies against photoadducts formed between 
furocouraarins (8-MOP and psoralen) and fractionated DNA (200 
bp) were raised in rabbits. ELISA on modules utilizing poly 
D-lysine to increase antigen immobilization was employed to 
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characterize the antibodies. Bound antibodies were assayed 
with anti-rabbit-fgG alkaline phosphatase conjugate (1 :9000 
dilution) using PNPP as enzyme substrate. Serum titers were 
evaluated by comparing the results with corresponding 
preimmune serum. 
Antibodies against DNA-psoralsn Photoadduct: 
The antiserum raised against DNA-psoralen crosslink in 
rabbits induced precipitating antibodies. Direct binding 
ELISA on modules coated with the crosslinked complex 
indicated high binding activity with different serum 
dilutions showing a titer of at least 1 :6400. (Fig. 11). 
The specificity of the induced antibodies was determined by 
studying the antigen-antibody interaction in the presence of 
different competitors. Antibodies induced by fractionated 
DNA-psoralen photoadduct were highly specific (84% 
inhibition) for its immunogen. Lowest inhibitory 
concentration for 50% inhibition (0,lljjg/m> was required by 
DNA-psoralen adduct (Table 1), Competition ELISA showed 51% 
inhibition in anti-DNA psoralen crosslink antibody activity 
with DNA 8-MOP photoadduct (Fig. 13). The relative binding 
affinity was 0.59%. No appreciable inhibition was obtained 
with native DNA, RNA, ssDNA and fractionated DNA (Fig. 12 & 
13). However, nDNA-psoraI en photoadduct was an effective 
inhibitor (69% inhibition) exhibiting only 1.1% relative 
binding affinity (Table 3). 
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Fig. 11 Direct binding ELISA of anti-DNA-psoralen 
photoadduct antibodies J 
Immunized serum (-#—#-) ; Preimmune serum (—O—0->. 
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Fig. 12 Inhibition of DNA-psoralsn phofcoadduct 
antibody activity by RNA (—A—A—), nDNA { © © ) 
and DNA psoralen photoadduot (-0—0> • 
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Fig. 13 [nhibition of DNA-psoralen photoadduct antibody 
activity by ssDNA i-Q Q-> • nDNA-psora 1 en 
photoadduct (-•—•-), DNA-8-M0P photoadduct (-©-©-) 
''ZOObp DNA fragment (—A—A-). 
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Anti-DNA-9-inothoxypsoral on Antibodies : 
The fractionated DNA-S-MOP photoadduct was highly 
immunogenic when injected in rabbits. The antiserum showed 
a titer of 1:12800 by direct binding ELISA, No appreciable 
binding was noticed in case of preimmune sera. (Fig, 14), 
The specificity of induced antibodies was studied by 
competition assay and a maximum of 70% inhibition in 
antibody binding was »«9n at an immunogen concentration of 
20pg/ral (Fig. 15), Fifty percent inhibition was obtained 
with only 1.3pg of DNA-9-M0P photoadduct (Table 2), Anti-
DNA-9-M0P antibody binding to DNA-8-M0P was not inhibited 
by nDNA, fractionated DNA, ssDNA, RNA and poly (dA-dT) 
8-MOP photoadduct, (Fig, 15 V. 16), Besides the immunizing 
antigen, 50% and 57% inhibitions were obtained with 
fractionated DNA psoralen and nDNA-8-MOP photoadduct (Table 
2), The percentage relative binding affinity of these 
photoadducts were found to be 65% and 81,25% respectively 
(Table 4), 
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Fig, 14 Direct binding EL[SA of anti-DNA-8-MOP 
photoadduct antibodies. 
Immunized serum (-#—•-) ; Preiramune serum (-0—0-) . 
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Fig, 15 Inhibition of DNA-8-M0P photoadduct antibody 
activity by nDNA (-0-0-), DNA-8-M0P photoadduct 
( » 9 ) , ssDNA (-A—A-) and nDNA-e-MOP photo-
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TABLE I 
Conpetitive Inhibition of Anti-DNA-psoralon Antibodies 
Inhibitor Cone, for 50% Maximum 
Inhibition(jjg/ml) Inhibit ion(X) 
DNA-psoralen photoadduct 0.11 84,00 
DNA-8-M0P photoadduct 19.50 51.49 
nDNA-psoralen photoadduct 10.00 69.10 
nDNA - 25.40 
Fractionated DNA - 5.00 
ssDNA - 27.60 
RNA - 30.00 
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Table II 
Coapetitive Inhibition of Anti DNA-0-MOP Photoadduct Antibodies 
Inhibitor Cone, for 50% Maximum 
Inhibition(jjg/ml) [nhibition(%) 
DNA-8-M0P photoadduct 1,3 70.0 
DNA-psoralen photoadduct 20.0 50,0 
nDNA-8M0P photoadduct 16.0 57.0 
Fractionated DNA - 5.3 
nDNA - 14.3 
RNA - 13.0 
ssDNA - 25.0 
Synthetic polymer-8M0P photoadduct - 15.2 
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TABLE I I I 
Relative Binding Affinity of Anti-DNA-psoraien 
Photoadduct Antibodies 
Concentration Percent 
Inhibitor for 50% relative 
inhibi t ion (Jig/ml ) affinity 
DNA-psoralen photoadduct 0,11 100.00 
nDNA-psoralen photoadduct 10.00 1.10 
DNA-8-M0P photoadduct 18.50 0.59 
TABLE IV 
Relative Binding Affinity of Anti-DNA-8-MOP 
Photoadduct Antibodies 
Concentration Percent 
Inhibitor for 50% relative 
inhibi t ion (Jig/ml ) affinity 
DNA-8-M0P photoadduct 1.30 100.00 
nDNA-8-MOP photoadduct 16.00 81.25 
DNA-psoralen photoadduct 20.00 65,00 
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DISCUSSION 
Although most nucleic acids are considered to be 
immunogenic, dsDNA of the B-conforraation is not (Stollar, 
1986). Some synthetic homopoIynucIeotides, chemically 
modified DNA, helical synthetic polynucleotides and 
denatured DNA are immunogenic. Effective helical immunogens 
in this form have been double-stranded RNA, RNA-DNA hybrid, 
left handed 2-DNA, triple helical RNA and DNA analogues and 
double-helical polydeoxyribonucIeotides that differ from B-
DNA (Anderson et al,, 1988; Stollar, 1989). This conforma-
tional variance from the B-form appears to be a prerequisite 
for the induction of an antibody response, although the 
reason for this is not clear (Braun and Lee, 1988). 
Chemically modified DNA is usually immunogenic. The 
modification could either be covalent or noncovalent 
(Mauffret et al,, 1991). Among the covalent modifiers are 
anti-tumor drugs, alkylating agents and photoaotivated 
species of furocoumarins. Nucleic acids are targets for the 
photoreactions of psoralens (Sage and Moutacchi, 1987). The 
photoreactions of psoralens with nucleic acids lead to the 
formation of both raono-and diadducts (interstrand cross 
links) (Cimino et al., 1985). The photoreaction does not 
change the local structure and conformation of the DNA (Guo 
et al., 1991). It has been debated whether or not 
crosslinks produce significant bend in DNA hellK axis 
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(PeckJsr et al., 1982; Slnden and Hagerman, 1984; Zhen et 
al., 1988). 
The formation of interstrand DNA crosslinks by near-UV 
irradiation of furocoumarins is well-established (Song and 
Tapley, 1979; Ortel et al., 1991). The high photobiological 
activity of furocoumarins has mainly been related to their 
strong photobinding to DNA (Bordin et al., 1992). It has 
been reported that covalent photoadducts arise from the 
intercalated excited sensitizer molecules. 
An important feature of this work was the determination 
of the spectral characteristics of the isolated photoadducts 
of psoralen and 8-MOP with fractionated DNA ( 200 bp). The 
UV-absorption characteristics of native DNA and modified DNA 
were monitored. A decrease in UV absorption at 260nm and a 
significant increase at 300nm indicated the formation of the 
photoadduct. DNA-psoralen photoadduct exhibited a greater 
decrease at 260nm than DNA 8-MOP. In the fluorescence 
spectra, fluorescence quenching of furocoumarins upon 
addition of DNA was observed. UV irradiation shifts the Amax 
of furocoumarins. On comparing the fluorescence spectra of 
both the photoadducts it was observed that there is greater 
fluorescence quenching in the case of DNA-psoralen 
photoadduct. 
In respect to the possibility of interstrand crosslink 
formation, we examined the denaturation characteristics of 
50 
DNA, after irradiation in the presence of furocoumarins. The 
melting curves of DNA after irradiation at 365nm in the 
presence of furocoumarins C8-M0P and psoralen] showed a 
sharp increase in the Tra value of DNA. The increase in Tm of 
DNA-psoralen was found to be much greater than that of DNA-
8-MOP. This suggests that upon UV-irradiation greater 
interstrand crosslinking of DNA takes place in presence of 
psoralen than 8-MOP, The crosslink formation in DNA was 
also determined by evaluating the renaturation capacity of 
crosslinked DNA after heat denaturation using 
hydroxyapatite column chromatography, DNA-psoralen and DNA-
8-MOP photoadducts eluted with 0.25M Na-K-Phosphate buffer, 
pH 6.8, Since dsDNA also elutes with the same buffer 
concentration this confirms the presence of crosslinks. The 
formation of crosslink between psoralen and 8-MOP with DNA 
was found to be more than 90%, on the basis of total 
percentage recovery of the photoadduct in 0.25M Na-K-
phosphate buffer pH 6.8. 
Studies were conducted to check the immunogenicity of 
DNA-8-M0P and DNA-psoralen photoadduct. This was done 
because the rate of reaction of psoralen and 8-MOP with DNA 
is different;with psoralen showing much more reactivity than 
8-MOP. The photoadducts were highly immunogenic in 
experimental animals inducing high titer antibodies. In 
addition to its high specificity for the immunizing antigen, 
it cross-reacted with other photoadducts. For example anti 
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DNA-8-M0P antibodies cross reacted with DNA-psoralen 
photoadduct and vice-versa. Non-reactivity with B-form of 
nucleic acids, denatured DNA, RNA, DNA fragments strongly 
suggests that the induced antibodies are highly conformation 
specific, recognising the restricted conformational change 
at the site of cross 1inking. 
Anti-DNA-psoralen antibodies are found to be much more 
specific, as 50% inhibition was obtained at much lower 
immunogen concentration as compared to anti-DNA-6-M0P 
antibod ies. 
It could be assumed that the structural changes in 
dsDNA, on interaction with chemical and physical agents 
render it highly immunogenic resulting in the formation of 
high titer antibodies. The mechanism by which PUVA improves 
skin diseases are not well understood. With, for example, 
psoriasis it is generally assumed that photoreaction with 
DNA is important for the inhibition of abnormally high 
cellular proliferation and that inactivation of proteins is 
a factor which contributes to the therapeutic effect, so the 
photoreaction of 8-MOP and psoralen with DNA in the presence 
of UV-A was studied. 
n 
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